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This invention provides lipids having: I) a glycerol backbone; 2) a hydrocarbon chain, preferably saturated and containing 16 or 
18 cartxsn atoms, attached to C-1 of the backbone by an ether linkage; 3) a methyl group attached to C-2 of the backbone, preferably by 
an ether linkage; and, 4) a sugar attached to C-3 of the glycerol backbone in either the alpha or beta anomeric configuration^, the sugar 
being altered by modification of. or substitution for. one or more of its hydroxyl groups. Also provided herein are ether- lipid-containing 
compositions, as well as methods of administering such compositions to animals, for example, those afflicted with cancers, as well as 
various other diseases and disorders. 
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MODIRED ETHER GLYCEROGLYCni tPing 

Filed of the Invention 

5 This invention is directed to modified ether glycerogtycolipids. compositions containing 

these compounds, and to the therapeutic administration of these compounds and 
compositions to animals, including those afflicted with cancers, as well as various other 
diseases and disorders. 

10 Background of the Invt^ntipn 

Etheriipids are amphipathic lipids with ether linkages connecting their hydrocaitons 
with their molecular backbones, and are synthetic analogs of platelet activating factor ("PAr.- 
l-0.2-acetyl-sn-glycero-3-phosphocholine). PAF is an effector believed to be involved in a 
vanety of physiological processes, such as inflammation, immune responses and allergic 

1 5 reactions. 

Etheriipids can accumulate in cell membranes, following which the lipids may affect 
the cells in a number of ways. Cell membrane accumulation can lead to disturbance of 
membrane lipid organization by a detergent-like activity of etheriipids: membrane structure, 
and hence, cell stability, can be disrupted by this activity. Phospholipid metabolism can also 
be disrupted, as the activities of several of the enzymes involved, e.g., CTPrphosphocholine 
cytidyl transferase, diacylglycerol kinase, sodium/potassium adenosine triphosphate 
phosphatase, acyl transferases, lysophospholipase, and phospholipases C and D. are inhibited 
in the presence of etheriipids. Etheriipids can also affect transmembrane signaling pathways. 
25 nutrient uptake, cellular differentiation and apoptosis. 



20 



30 



35 



Moreover, etheriipids are believed to be cytotoxic to cancer cells, and have been 
Shown to be effective anticancer agents in animals (see. for example. Lohmeyer and Bittman 
1994: Lu et al. {1994a): Lu et al. (1994b): Dietzfelbinger et al. (1993): Zeisig et al. (1993)- 
Berdel (1991): Wortcman (1991); Workman et al. (1991): Bazill and Dexter (1990): Berdel 
(1990): Guivisdalsky et al. (1990a); Guivisdalsky et al. (1990b): Powis et al. (1990): Layton et 
al. (1980): Great Britain Patent No. 1.583.661; U.S. Patent No. 3,752.886). However, 
etheriipids are generally not toxic to nomial cells. Ether lipids' ability to act selectively on 
cancer cells is believed to be due to the cancer cells" lack of the alkyi cleavage enzymes 
necessaiy for hydrolysis of the lipids: the resulting intracellular lipid accumulation can disrupt 
the cells- functioning in a variety of ways. Nomial cells typically possess these enzymes, and 
hence, to prevent their intracellular accumulation. 
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However, not all normai cells contain sufficient levels of aJkyl cleavage enzymes to ' 
prevent intracellular ether lipid accumulation: cells which do not possess the requisite levels of 
the enzymes can be subject to the same disruptive effects of ether lipid action as are cancer 
cells. Red blood cells, for example, lack the requisite alkyi cleavage enzynnes, and hence, are 
also subject to a detergent-like activity of ether lipids. Henr)olysis which results from exposure 
of these ceils to ether lipids having detergent-like activity can be a major drawback to 
therapeutic use of the ether lipids (see. for example. Houlihan et al., 1995). 

A number of different approaches are potentially available for decreasing or 
eliminating such dmg-induced toxicity. One such approach is to incorporate the drugs into 
lipid-based camers, e.g.. liposomes. Such earners can buffer dmg toxicity, for example, by 
sequestenng the drug in the carrier such that the drug is unavailable for inducing toxwrty. Lipid 
camers can also buffer drug-induced toxicity by interacting with the drug such that the drug is 
then Itself unable to interact with the cellular targets through which it exerts its cytotoxic effects. 
The camers also maintain the ability of the drugs to be therapeutically effective when released 
therefrom, e.g.. when the carriers are broken down in the vicinity of tumors. 

This invention provides etheriipids in which the lipids* phosphate-based headgroups 
have been replaced with sugar moieties, the sugars themselves having been modified by 
substitution of one or more of their hydroxyl groups; applicants have found that such 
modification of etheriipids affords the modified etheriipids beneficial anticancer activity. Certain 
etheriipid analogues have been mentioned in the art, including O- and S-linked glucose and 
maltose substitutions of edelfosine's phosphoryicholine group. However, none of these 
analogues contain sugars modified by replacement of one or more hydroxy! groups. 



Summary of the Invention 

Etheriipids of this invention are amphipathic lipid nxslecules comprising a polyol 
backbone, a hydrocartson chain, a methyl group and a modified sugar moiety. The ether lipids 
have the following structural formula: 
CHj-O-R' 



CH-R^-CHs 



CH^•R^ 
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The hydrocarbon, attached to the polyol by way of an ether linkage, is Designated 
herein as -R'" and is a group having the formula Y'Y^ wherein Y' is the group - 
(CH^)„,{CH=CH)^(CH^)^(CH=CH)^(CHp^(CH=CH)JCHpjCH=CH)^(CHp^- and Y^ is 
CHj. CO2H or OH. Preferably, the hydrocarbon is saturated and Y' is -C(0){CH ) ; Y^ is 
5 preferably CH3. iwlost preferably, presently, the hydrocarbon is -C(0)(CHj),eCH3. The"'methy) 
group is attached to the polyol by way of a linkage, designated herein as -R'. which is 0. S. 
NH, or -NHC(O)-. Most preferably. R^ is O; accordingly, this invention s glycerol-based 
etherlipids preferably have a methoxy group at the sn-2 position. The modified sugar attached 
to the polyol. and designated herein as 'R^. has the following formula- 
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wherein X^ X^ X\ X^ x' and X' are either H. OH or a substitution for one of these groups 
No more than two of X^ X'. X\ X» X* and X' are OH. and no more than two of X'/X' X*/X» 
and X*/X^ are H/OH or OH/H. when X" is CH^OH. i.e.. when a group other than the OH at C>6 is 
modrtied^. No more than three of X^ X^ X'. X* X^ and X' are OH. and no more than three of 
X^/X^ X*/X^ and X*/X' are H/OH or OH/H, when x' is the group -OCCOX'". 



Etherfipids are known to be effective anticancer agents, and can also exert benefcial 
therapeutic activity against a variety of other diseases and disorders, such as those 
25 characterized by inflammation and by microbial infection. I^oreover. etheriipids are relatively 
inactive towards most nomr,al cells. This ability of etherlipids to be selectively cytotoxic to 
partwular target cells is believed to be due to the target cells' lack of the alkyi cleavage 
enzymes required for hydrolysis of the lipids: nomial cells typically possess sufficient levels of 
these enzymes to prevent intracellular ethertipid accumulation, while cancer cells generally do 
not. However, some nomtal cells, e.g.. red blood cells, do not possess the requisite alky! 
Cleavage enzymes in sufficient quantities to prevent etheriipids from accumulating therein to 
toxe levels: accordingly, etheriipids can be cytotoxic to such cells as well. Etherlipids are 
incorporated into lipid-based carriers herein such that the etheriipids cannot then be 
exchanged into, cell membranes. Nevertheless, the ethertiprds are maintained in a 
therapeutically effective fomi within the carrier, and when released therefrom, can act against 
their intended targets. 
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Bnef Description of the Drawing 
FIGURE 1 . Reaction scheme for the synthesis of Z'-deox^'^-D'aratinopyranosyf and 2-0 
methyl-p-D-glucopyranosyl modified ether glyceroglycolipids. a: Trimethylsilyl 
trifluoromethanesultonate/dichloromethane/ molecular seives 3 angstroms/minus 78 deg. 
5 C./10 min. b: NHj-MeOH. c: NaH/DMF/Mel. d: Pd-C/1:1 THF-AcOH, e: 
CS2/NaH/tmida20le/Mel. f: di-N-butyltin oxide/toluene. 



1 0 Detailed Description of the Invention 

This invention provides an ethertipid having the fomiuia: 

CH2-0-R' 
I 

15 CH-R^-CHa 

1 

CH2-R^ 

wherein R^ is the group yV. is a group having the formula • 

20 (CH^)^,(CH=CH)JCH^)^(CH=CH)JCH^)JCH«CH)JCH;JCHxCH)^(CH^)^.. The 
etherlipid is thus a giycerol-based lipid having a hydrocarbon chain at the srh^ position, linked 
to the glycerol backbone by an ether linkage. 

The sum of n1 ^2n2 + n3 +2n4 + n5 2n6 + n7 + 2nd +nP is an integer of from 3 to 
25 23, n1 is equal to zero or an integer of from 1 to 23. n3 is equal to zero or an integer of from 1 
to 20. n5 is equal to zero or an integer of from 1 to 17, n7 is equal to zero or an integer of from 
1 to 14 and n9 is equal to zero or an integer of from 1 to 11. Each of n2. n4, n6 and 8 is 
independently zero or 1. The hydrocartjon is preferably an unsaturated aikyi chain; 
accordingly, n2. n4, n6 and n8 are each preferably equal to zero, n3, n5, n7 and n9 are each 
30 also equal to zero, and Y is the group •C(0)(CH2)^^. Alternatively, Y' can be unsaturated, that 
is, it can have one or more double bonds; accordingly, at least one of n2, n4, n6 and nd is then 
equal to 1. For example, when the unsaturated hydrocarbon has one double bond n2 is equal 
to 1, n4, nfiand nfieach then being equal to zero, and y' is then -C(0)(CHp^^CH=tCH(CHp^.. 

35 Y^ is CH3, CO2H or OH, and is preferably CH3; accordingly, R^ is preferably the group 

-C(0)(CH2)^^CH3. More preferably, R' is -C(0)(CH2),7CH3. 

Etherlipids of this invention also comprise a methyl group, attached to the glycerol 
backbone by way of a linkage, designated herein as "R^", that is O, S, NH, -NHC(O)- or - 

.4. 
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0C{0)-. Preferably. is 0: accordingly, this invention s glycerol-based etherlipids preferably 
have a methoxy group at the sn-2 position. 

Sugars linked to the third carbon of the glycerol backbone have the following formula: 

5 



10 




X'- 



The sugars can be in either the alpha or beta anomeric forms. 

Sugars ordinarily have X^/X\ X^/X* and XV X' pairs where-n one member is H and the 
1 5 other .3 OH. Glucose, for example, has X^ being H and X^ OH. X^ being OH and X* H while 
X is H and X' is OH; in mannose. X^ is OH and X^ is H. X* is OH and X' is H. while X* is H 
and X' is OH. X«is typically CH,OH in such sugars. This invention provides etherlipids whose 
headgroups are sugar moieties modified by alteration of. or substitution for. one or more of the 
sugar hydroxyl groups. No more than two of X^ X^ X*, X* X* and X' are OH s and no more 
than ^vo of X^/X^ X^/X» and X'/X^ are H/OH or OH/H when x" is CH,OH. i.e.. when a group 
other than the OH at C-6 is modified. No more than three of X^ X^ X*. X» X« and X^ are OH's 
and no more than three of X^/X^ X^/X^ and X*/X' are H/OH or OH/H when x' is the group - 
OC(0)X"'. ^ ^ 
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Modifications to sugar molecules according to the practice of this invention are any 
atom or group of atoms which: 1) can be modified from, or substituted for. a sugar hydroxy! 
group: and. 2) enhance the cell growth inhibitory activity of a modified sugar-containing 
ethertipid in comparison to the growth inhibitory activity of the corresponding lipid having the 
same sugar residue at the sn.3 position, wherein the sugar is not modified at the hydroxy! 
group. Such modifications include, wrthout limitation, converting a sugar's OH group to H 
NH, NHCH,. NH(CH3). OCH3. NHC(0)CH,. F. CI. Br. I. .0P(0),> and -OSO,- Counterions 
present when the modified sugar is a salt fom, are those ions typically used in connection with 
the groups, e.g.. phosphate and sulfate, with whwh the sugar is modified. 

Sugar molecule hydroxyl groups can be modified as described herein, using 
techniques well known to ordinarily skilled artisans g.ven the teachings of this invention 
Compansons of anticancer activrties between different compounds can be accomplished by 
means also well known to ordinarily skilled artisans given the teachings of this invention • 



-5- 
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These include, ior example, in vitro growth inhibition assays such as those descnbed in 
Example 18 hereinbeiow. Briefly, cells, sucn as cancer cells, are grown in cultures and the 
compounds in question are added to the cultures: the concentrations of the compounds 
required to achieve a certain percentage, e.g., 5%, 10% or 50%, of growth inhibition in the 

5 cultures (in companson to control cultures) are then determined and compared. Compounds 
which acheive the sarne level of growth inhibition in a culture at a lower concentration are more 
effective growth inhibitory agents. Alternatively, an etheriipid can be tested in vivo tor 
anticancer activity, for example, by first establishing tumors in suitable test animals, e.g.. 
immune-deficient mice, administenng the ethertipid to the animals and then measuring tumor 

10 growth inhibition in the animals and their survival rates. Cells suitable for such in vitro or in 
wVo testing include, without limitation: munne P388 leukemia, B16 melanoma and Lewis lung 
cancer cells: human MCF7. ovarian OVCAR-3 and A549 lung cancer cells, as well as other 
cells generally accepted in the art for such testing: 

1 5 The sugar can be nnodifed at any of its OH groups, which can be designated herein as 

X^ X^, X*. X^ X^ or X'; the sugar can also be modified at the OH group of X® which, 
unmodified, is CHjOH. Each of X^ and X^ can be unahered from the parent sugar so long as 
at least one of X\ X^ X*, X^ or X® is then altered; one of X^ and X^ is then H while the other is 
OH. Alternatively, the OH group at X^ or X^ can be altered as described herein, to give a 

20 modified sugar-containing etheriipid; X^ and X^ can then, for example, be H, NHj, NHCH3, 
NH(CH3)2, OCHa. NHC(0)CH3, F, or CI. Each of X' and X^ can be unaltered from the parent 
sugar, one then being H while the other is OH: alternatively, the hydroxy! group at X* or X* can 
be altered to give, at X' or X* HH^, NHCH3 or N(CH3)2, OPOj^ or -OSOa^ .; these include, 
without limitation, sodium and potassium ions, amongst others. Each of X® and X^ can also be 

25 unaltered. When the sugar is a monosaccharide, one of X^ and X^ is then H, while the other is 
OH; altematively, when the sugar is a disaccharide. one of X* and X^ is H while the other is a 
group having the formula -OX^, wherein X' is an additional sugar molecule, that is, a tetrose, 
pentose, a hexose or heptose sugar, linked through an oxygen atom at X^ or X^ 
Disaccharides have the additional sugar linked through an oxygen at X® or through an oxygen 

30 at X^ One or more hydroxy! groups on the additional sugar can also be modified according to 
the practice of this invention. X* is CH^OH when the sugar is unmodified at the C-6 position, or 
a group having the formula -OC(0)X^° when the sugar is modified at this position, wherein X^° 



is H, CH3 or a group also having the formula yV^ In preferred embodiments of this invention. 
X' is O, X* is OH. X^ is H. X^ is H. X' is OH and X^ is CH^OH. Preferably, when X^ is H, X^ is 



The etheriipids of this invention can be prepared by a number of nneans readily 
practiced by ordinarily skilled artisans given the teachings of this invention for modifying 



35 H. NH2or-OCH3.orwhenX^sH. X^sHor-OCH3. 
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specific groups on sugar molecules. Generally, etheriipid starting material, typically the form of 
the etheriipid having a phosphorylcholine group at the third position of the glycerol bacKbone. is 
glycosylated using a suitable and available glucose donor (which can also be prepared as 
described below). Sugar OH groups are then modified by known means, typically involving 
5 protection/deprotection of unsubstituted groups, to give the desired functional group 
substitution. 



For example, i-0-hexadecyl-2-0-methy|.sn-glycerol. synthesized from D-mannitol 
(see Baver et al.. 1991). or by the Lewis acid-catalyzed (BF,.Et,0) regioselective ring opening 
10 of (fl)-glycidyl arenesulfonates with 1 -hexadecanol (see. Guivisdalsky et a!.. 1991), can be 
glycosylated to give i-O-hexadecyl-S-O-protected-s/vglycerel. This S-O-sn-protected glycerol 
can be methylated, for example, with diazomethane in the presence of SiOj; followed by 
deprotection. to give l-O-hexadecyl-2-O-methyl-sn.glycerol. Alternatively, ordinarily skilled 
artisans can readily follow a synthetic scheme based, for example, upon asymmetnc 
1 5 dihydroxylation of allyl p-methoxyphenyl ether using a chiral pthalazine ligand. such as AD-mix- 
alpha in a mixture of tert-butanol-water at 0 deg. C. givng 3-0.(p.methoxyphenyl)-sn^iycerol 
(I: see Vllcheze and Bittman. 1994 and Byun et al.. 1994). Selective monoalkylation of I with 1- 
bromohexadecane, in DMF. via 1 .a-O-stannylidene in the presence of CsF (see Nagashima et 
al., 1987) gives a mixture of s/vl -O-hexadecyl (II) and srv2-ahexadecyl glycerols. Following 
20 chromatographic separation of these two isomers. II is methylated by treatment with Mel-NaH- 
DMF: the 3-0-(;wnethoxyphenyl) function is then removed with ammonium cerium (IV) nitrate, 
in aqueous acetoriitrile. to give 1 -O-hexadecyl-2-O-methyl-glycerol. 

Synthesis of analogs with either 2--deoxy or 2'.0-alkyl functions on monosaccharide 
25 residues generally requires that the C-3. C-4 and C-6 protecting groups of the glycosyl donor' 
allow for preferential deprotection of the C-2 glycoside protecting group, resist 2'-0-alkylation 
and resist deoxygenation. 2-0-Acety1-3,4,6-tri-0.benzyl-a.(3-D-glucopyranosyl 
trichloroacetimidate and 2.0-acetyl-3.4,6-tri-0-benzyl-a.P-D-mannopyranosyl 

trichtoroacetimidate meet these requirements and can be made, for example, from their 
30 respective benzylaled 1 .2-orthoesters. Briefly, for example, to synthesize 2'-0-acety|.3.4.6-tri. 
0.benzyl-o.&.D.glucopyranosyl trichloroacetimidate. the benzytated 1 .2-orthoester is 
acetolized in glacial acetic acid (see Boren et al.. 1973. Lemieux et al.. 19S6 and Tmmtel et al.. 
1989) to give V.2'-trans-di-0.acetate. the l-O-acetate function of which is then removed 
selectively with hydrazine acetate in DMF to give the hemiacetal quantitatively, after aqueous 
35 workup.. An anomeric mixture of 2.0-acetyl-3.4.6.tri.0.benzy|.a.p-D-glucopyranosyl 
trichtoroacetimklate isomers is obtained by treating the hemiacetal with trichloroacetonitriie- 
potassium carbonate in dichtoronwthane. and was then purified by flash chromatography. 
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Synthesis of 2*O-acetyl-3.4.6-tri-O-benzylHX0-D-mannopyranosyl trichlofoacetimidate involves 
hydrolysis of the benzyiated 1 .2-orthoester with acetic acid at room temperature, generally 
about 25 beg. C, for about 6 hours, followed by treatment of the resutting hemiacetal wtth 
tnchloroacetonitrite-potassium cartjonaie in dtchloromethane. 

Functionalization of the C-2' position of the monosaccharide attached to the etheriipid 
can, for example, be carried out according to the reaction scheme depicted in Figure 1 and 
described below. Briefly, the 2-O-acetyl functions of 1-0-hexadecyl-2-Omethyi-3-0-(2'-0 
acetyl-3',4'.6*-tri-Oben2yl-3-D-glucopyranosyl)-sn-glyc€rol and 1 -Ohexadecyl-2-0-methy!-3- 
0-(2' -0-acetyl-3\4*,6'-tri-0-benzyl-a-D-mannopyranosyl)-sn-glycerol are quantitatively 
removed by NHa/MeOH aminolysis, followed by methyiation of the 2* hydroxy group with NaH- 
DMF-Mel to give 1 -0-hexadecyt-2-0-methyl-3-0(2'-Omethyl-3\4'.6*-tri-0-ben2yl-|J-D- 
giucopyransoyl)-sn-glycerol or 1 -Ohexadecyl-2-0-methyl-3-0-(2-CVnr>ethyi-3',4\6'-tri-0"ben2yl- 
-a-D-mannopyransoyi)-sn-glycerol, respectively. The O-benzyl protecting groups are then 
removed in 1:1 THF-HOAc using Pd-C, under a balloon pressure of hydrogen, to give 2-0 
methyl-p-D-glycopyransoyi and 2-O-methyl-a-D-mannopyransoyl etheriipids. Low molecular 
weight impurities can be removed from such compounds by filtration, for example, through 
lipophilic Sephadex LH-20 using methanol. 

Further useful synthetic techniques include radical xanthate reduction, which is a 
procedure comnr»only used to deoxygenate carbinois. Alcohols can be converted to the 
corresponding xanthates, for exarr^le, by treatment in tetrahydrofuran (THF) with sodium 
hydride, cartxjn disulfide and a catalytic amount of imidazole, followed by reaction with Mel. 
The xanthates can the be converted to the con'esponding 2'-deoxy-glycosides by radical 
reduction with dibutyttin oxide (see Barton et ai., 1975: and Hartwig. 1983) in the presence of 
azobisisobutyronitrile (AIBN); confirmation of the reduction can be made by NMR 
spectroscopy. The contents of the above cited disclosures of reactions and synthetic schemes 
for the modification of sugar nDolecule OH groups are incorporated herein by reference. 

Also provided herein is a composition comprising an etheriipid of this invention; the 
composition preferably also comprises a pharmaceuticalty acceptable medium, which are 
media generally intended for use in connection with the administration of active ingredients to 
animals, and are formulated according to a number of factors well within the purview of the 
ordinarily skilled artisan to determine and account for. These include, without limitation: the 
particular active ingredient used, its concentration, stability and intended bioavailability; the 
disease, disorder or condition being treated with the composition; the subject, its age, size and 
general condition: and the composition's intended route of administration (see, for example. J. 
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G. Nairn, in: Remington's Phafmaeeuti ral Science (A. Qennaro. ed.), Mack Publishing Co.. 
Easton, PA. (1985), pp. 1492-1517. the contents of which are incorporated herein by 
reference). Pharmaceuticaily acceptable media include, without limitation: solids, such as pills, 
capsules and tablets; gels; excipients; and aqueous or nonaqueous solutions. Typical 
5 pharmaceuticaily acceptable media used in parenteral dmg administration include, for 
example. D5W, an aqueous solution containing 5%. weight by volume of dextrose, and 
physiological saline. 

Etherlipid-containing compositions provided herein preferably also comprise a lipid 
1 0 carrier with which the ethertipid is associated. "Upid carriers" are hydrophobic or amphipathic 
molecules suitable for administration to animals, and include, without limitation: fatty acids, 
phospholipids, micelles, lipoproteins, nonliposomal lipid-based complexes and liposomes. 
Preferably, the lipid carrier is a liposome, which comprises one or more biiayers of lipid 
molecules, each bilayer encompassing an aqueous compartment. The amphipathic lipid 

) 5 molecules which make up lipid biiayers comprise polar (hydrophilic) headgroups and nonpolar 
(hydrophobic) hydrocarbon chains. The polar groups can be phosphate-. suHate- or nitrogen- 
based groups, but are preferably phosphate groups such as phosphorylcholine. 
phosphorylethanolamine, phosphorylsenne. phosphorylglycerol or phosphorylinositiol. The 
hydrocarbons generally comprise from 12 to 24 carbon atoms, and can be saturated (e.g., 

20 mynstic. lauric. palmitic, or stearic acid), or unsaturated (e.g.. oleic, linolenic or arachidonic 
acid). Liposomal biiayers can also include sterols, such as cholesterol, other lipids and 
nonlipid molecules. 

•Association- between an ethertipid and a lipid carrier is by way of a number of 
25 influences, such as Van der Waal's forces, generally known to operate between hydrophobic 
molecules in an aqueous environment. Means of determining the stability of such 
associations, for example, by determining the percentage of ethertipid recoverable with 
phosphorous when the lipid carrier comprises a phospholipid, are well known to. and readily 
practiced by. ordinarily skilled artisans given the teachings of this invention. 



30 



35 



Upid carrier-based fomiulations can enhance the therapeutic index of an associated 
ethertipid. by buffering the lipid's toxicity-causing potential while maintaining or enhancing its 
therapeutic efficacy, for example, by increasing the amount of the etheriipid-lipid earner 
association reaching the intended site of therapeutic action. Preferred means for doing so 
include increasing the length of time in which the etheriipid-lipid carrier association remains in 
the circulation of animals to which it has been administered. In the case of cancer treatment, 
for example, increasing circulatory half-IHe allows more of the administered material to reach 
tumors, which tend to have an increased amount of vasculature in comparison to surrounding 



-9- 



3NSD0CtD <W0 O7ll707A1> 




wo 97/11707 



PCT/US96/15561 



10 



15 



20 



25 



30 



tissue: this vasculature also tends to be more leaky than that found in healthy tissue, meaning 
that etheriipid-lipid earner associations can readily reach leak out into surrounding tumor 
tissue. 

Prefen'ed means for enhancing etheriipid-lipid earner circulatwn is by incorporating a 
•^headgroup-modified lipid" into the lipid earner. Headgroup-modified lipids, e.g.. 
phosphatidylethanolamines TPE's"). generally compnse polar groups derivatized by 
attachment thereto of a moiety, e.g., dicarboxylic acids such as succinic and glutanc acids, 
which can inhibit the binding of serum proteins to the earners so that the pharmacokinetic 
behavior of the earners is altered (see. e.g.. Blume et al., Biochtm. Biophys. Acta. 1149 :160 
(1993); Gabizon et al., Pharm. Res. 1Q(5):703 (1993); Park et al. Biochim. Biophys Acta. 
1108 :257 (1992); Woodle et al.. U.S. Patent No. 5,013,556; and Allen et al.. U.S. Patent Nos. 
4.837.028 and 4.920.016. the contens of which are incorporated herein by reference). The 
amount of the headgroup-modified lipid incorporated into the lipid earner generally depends 
upon a number of factors well known to the ordinarily skilled artisan, or within his purview to 
detemnine without undue experimentation, given the teachings of this invention. These 
include, but are not limited to: the type of lipid and the type of headgroup modification; the type 
and size of the earner; and the intended therapeutic use of the formulation. Typically, from 
about 5 to about 20 mole percent of the lipid in a headgroup-modified lipid-containing lipid 
carrier is headgroup-modified lipid. 

Further provided herein is a method of administering an etheriipid to an animal, which 
compnses administering an etherlipid-containing composition of this invention to the animal. 
The animal is preferably a human, and administration is preferably intravenous, but can also 
be by any other means generally accepted for administration of therapeutic agents to animals. 
Etherttpid-containing compositions provided herein can be administered prophylactically or 
therapeutically to animals at nsk of, or afflicted with, various diseases and disorders which 
include, without limitation, cancerous, inflammatory and infectious conditions. 

Cancers, e.g., brain, breast, lung, colon, ovanan, prostate, liver or stomach careers, 
and carcinomas, sarcomas and melanomas, can be treated with the etheriipid-containing 
compositions of this invention. The compositions are particulariy useful for the treatment of 
drug-resistant cancers, i.e.. forms of a cancer resistant to one or more drugs, e.g., adriamycin. 
commonly used to treat the cancer. Preferably, compositions used to treat cancers comprise, 
in addition to an etheriipid, a lipid can-ier. more preferably, a liposome. Most preferably, the 
liposome is a unilamellar liposome having an average diameter of from about 100 nm to about 
200 nm. 
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Animals treated »or carwers according to the practice of this invention are given an 
anticancer eWective amount of an etherlipid. "Anticancer effective amounts' of an etheriipid 
are any amount of the etherlipid effective to ameliorate, lessen, inhibit or prevent the 
establishment, growth, metastasis, or invasion of a cancer. Generally, the anticancer effective 
5 amount of the etherlipid is at least about 0.1 mg of the etheriipid per kg of body weight of the 
animal to which the etherlipid-containing composition is administered. Typically, the anticancer 
effective amount of the etheriipid is from about 0.1 mg per kg of body weight of the animal to 
about 1000 mg per kg; preferably, the anticancer effective amount is from about 1 mg of the 
lipid per kg to about 200 mg per kg. Within these ranges, etheriipid doses are chosen in 
accordance with a number of factors, e.g., the age. size and general condition of the subject, 
the cancer being treated and the intended route of administration of the lipid, well known to. 
and readily practiced by. ordinarily skilled artisans given the teachings of this invention. 

Etheriipid treatment can follow a variety of accepted chemotherapeutic regimens, and 
can include administration of an anticancer effective amount in segments over a suitable 
penod of time, or repeated administrations of an anticancer effective amount, each dosing 
being separated by a suitable period of time. Additional bioactive agents, i.e.. bioactive agents 
in addition to the etheriipid. can be administered to the animal in accordance with the practce 
of this invention, either concurrently with, or separately from etheriipid administration, and 
either as a component of the same, or a different, composition. "Bioactive agents' are 
compounds or compositions of matter having biological activity on animal cells in vitro or when 
administered to an animal: bioactive agents can have therapeutic and/or diagnostic activity. 
Such agents include, but are not limited to, antimicrobial, anti-inflammatory and anticancer 
agents, as well as radioactive agents, enzymes isotopes and dyes. 

This invention will be better understood from the following Examples. However, those 
of ordinary skill in the art will readily understand that these examples are merely illustrative of 
the invention as defined in the claims which follow thereafter. 
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Examples 

Example 1 

Materials and Methods 

Silica gel GF TLC plates of 0.25-mm thickness (Analtech. Newarlc^ OE) were used to 
5 monitor reactions, with visualisation by charring using 10% su^uhc acid in etharK)! and/or short 
wavelength uttraviotet light. Flash chromatography was carried out with silica gel 60 (230-400 ASTM 
mesh) of E. Merck (purchased from Aldrich). isocratk:ally unless otherwise stated. NMR spectra 
were recorded on IBM-Bruker WP-200 and AMX-400 spectrometers, at 200 and 400.13 MHz. 
respectively, in CDCI3 solutions - chemtcai shifts are in parts per miilwn from tetramethyteiiane as the 
10 internal standard; ^^C-NMR spectra were recorded at 75 MHz and 100.57 MHz, respectively - ^^C 
chemicat shifts are given by assigning 77.0 ppm for the central line of CDCIa. Optical rotations were 
measured at 20 ± 2 deg. with a JASCO DIP-140 digital polarimeter. in a cell of 1 -dm path length; 1% 
solutions in chloroform were used, unless othenwise stated. The melting points are uncorrected. 

15 Trrtyl chloride was obtained from Aldhch. Zinc chlonde was obtained from Fluka. 

Dichloromethane was dned over PjOj and distilled just before use, or refluxed over calcium hydride 
and distilled under a positive nitrogen pressure before use; tetrahydrofuran was refluxed over sodium 
benzophenone ketone and distilled before use; methanol was refluxed over Mg(0Me)2 and distilled 
before use; toluene was distilled and then redistilled from calcium hydhde before use; anhydrous N, 

20 N^imethyi formamide (DMF) was acquired from Janssen Chimk:a. Solid synthons were dried under 
vacuum (0.2 mm Hg), and all reactkjns were carried out under dry nitrogen using air-sensitive 
glassware (greaseiess vacuum/gas manifold). Nitrogen gas was dned through a drying tower of 
granulous anhydrous calcium chloride. Molecular seives of 3 angstroms were dned at 150 deg. C. 
under vacuum, over P2O5 for 12 hours, and stored under vacuum over PjOj. 

25 

Human epithelial cancer cell lines were grown from frozen stocks onginally obtained from 
the ATCC, in media commonl used for growing these cells in culture. For example, A549 cells (non- 
small cell lung adenocarcinoma) were cultured in Ham's F-12 medium, T84 cells (colon carcinoma) 
were cultured in a 1:1 mixture of F-12 and DMEM while MCF-7 (breast adenocarcinoma) and A427 
30 (large cell lung carcinoma) cells were cultured in DMEM. The media were supplemented with 10% 
fetal bovine serum, pencillin (50 U/ml), streptomycin (50 mg/mt) and fungizone (0.5 mg/ml). 
OVCAR-3 celts (ovanan adenocarcinoma) were cultured in RPMI 1640 medium supplemented with 
20% FBS and 10 mg/ml insulin. 

35 Cells were subcultured into 24-well plates and the cell number was monitored daily. When 

the celts were in log phase, the media was replaced with one containing the required drug 
concentration, and the cells were incubated for 72 h. The increase in cell numbers relative to control 
wells (without any dnjg) was determined after the incubation. Stock solutions of the drugs (30 
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mwromolar) were prepared in etharwt ar,d stored at -20 deg. C. Ethertipid solutions (30 micromolar) 
in the appropriate media were prepared fresh on the day of the experiment and serially diluted to 
give the required concentrations. The final concentration of ethanol in all wells was 0.1% (v/v). 

5 Example 2 

Synthesis of i-0.hexadee\A.P^. 0.methvi.sn^tY;.^ rni 

To a solution of l-0-hexadecyl-2-0.methy|.3-a(;>methoxyphenyl)-sn^tycerol (1 0 g 23 
mmol) .n 4:1 acetonitrile-water (21 ml) was added ammonium cenum(IV) nitrate (2.9 g. 5 5 mmdl) at 
0 deg. C. with vigorous stirring. The resulting mixture was wam,ed to room temperature, and stirred 
for one hour, following which TLC (4:1 hexane:ethy. acetate) snowed compete conversion of the 
staning matenal to 1-ahexadecy.-2^methy..sn^,ycerol. The reaction was quenched by addition 
of 1.0 g sodium sulfite. 
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The resulting m.xture was diluted with ethyl acetate, and the organic solution was washed 
with water, bnne. and dhed with sodium sulfate: rt was then filtered, and the filtrate evaporated The 
resKJue was purified by column chromatography (6:1 hexane:ethyl acetate) to g.e 1 -ahexadecy^2. 
O-methyl-sn^lycerol (0.853 g, 94%) as a low melting point white solid, (afo -9.5 deg. 

Examples 

^° ^^'^^ 21 1 -g-hexadecvl-?-0.methv..r^.fxrr.,.,t.»,. ^o.g.^^^^. ^ p 

qlucoDvrano sv<)-sn-olvr^ml 

To a solution of 2-acetamido.2^eoxy-3.4.6-tri^acetyl-a-D-glucopyranosyl chloride (219 4 
mg. 0.6 mmol). 1-0.hexadecy1.2-amethy|.5n^iycerol (100 mg. 0.3 mmol). and trityl chloride (83 6 
mg. 0.3 mmol) were added 41.2 mg (0.3 mmol) of zinc chloride in dry dichloromethane (5 ml- see 
25 Kumar e. al.. 1994). The reaction mixture was stirred for 4 h at room temperature, and reaction 
progress was monitored by TLC analysis, in ethyl acetate. The reactbn mixture was diluted with 
ethyl acetate (50 ml), washed with 5% aqueous sodium bicarbonate solution, washed with water 
dned over sodium sulfate, and concentrated under reduced pressure. The residue was purified by 
flash Chromatography (elution with hexane/ethyl acetate 1:1). giving 140 mg (70%) of l-a 
hexadecyl-2.amethy^3.<>(2^acetamido-2•.deoxy.3^4^6^tri.aacetyl-p.D.glu^^^ 
glycerol as a white solid; R. 0.54 (ethyl acetate): ra]o25 -1.31 deg. (c 5.6. CHCI,): 'H NMR (200 MHz. 
CDCI,) 6 0.80 (t. 3H. J. 5.96 Hz. CH,). 1.25 (br. 26H. (CH,)„CH,). 1.45 (2H. OCH,CH,). 1.87 1 95 
2.01 (s. 12H. OAc. and NAc). 3.32-3.41 (m. 8H. with a singlet at d 3.36. CH,OCHA,H„. CH,OCH)' 
3.63 (m. 3H. H-S and OCH,). 3.81 (m. 1H. H.2). 4.02 (dd. 1H. H-ea). 4.08 (dd. IN. J = 4 57 Hz H- 
6b). 4.60 (d. 1H. J. 8.34 Hz. H-l). 5.05 (t. 1H. J. 9.50 Hz. H.4). 5.17 (t. 1H. J = 9.83 Hz H.3) 5 84 
(d. 1H. J = 8.51 H2.NH). ■ 
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Example 4 

g ynthefiis of 1 ■0-hexadecv«.2.0-met hvi.3-0-/2'-acetamidQ-2'-deoxv>B-D-ol^ 

1-(>Hexadecy»-2-amethyl-3-0-{2'-acetamido-2'-deoxy-3\4\6*-tri-aace 
giucopyranosyl)-sn^tycerot (140 mg, 0.21 mmol), prepared aacordirig to the procedures of 
5 Example 3 as described above, was dissolved in 3 ml of 025 N metharwiic KOH, arvj the mbcture 
was stirred for 2 h at room temperature. The reaction mixture was neutralized with saturated 
aqueous ammonium chloride solution and extracted with chloroform (10 ml). The chloroform 
layer was dried over MgSO* and concentrated under reduced pressure and the residue was 
purified by flash chromatography (elution with 10% methanol in chiorofonn), giving 109 mg (96%) 

10 of i -0"hexadecyl-2-amethyl-3-0-(2'-acetamido-2'-deoxy-p-D-glucopyranosyl)-sn-g(^ as a 
white solid; mp 150-153 deg. C: R^O.56 (CHCIrCHaOH 4:1); [ajo^ -226 deg. C. (c 525, CHClr 
CHaOH); NMR (200 MHz, CDCI3 and a few drops of CDjOD) 5 0.80 (t 3H, J = 6.33 Hz, CHa). 
125 (br. 26H. (CH2)i3CH3). 1.56 (2H. OCHjCHz), 2.01 (s, 3H. NAc), 323-3.83 (m. 19K with a 
singlet at 6 3.45. CHjOCHjCsHai. CHjOCH, OCHs and -CHO-'s of sugar moiety), 4.43 (d. 1H. J 

] 5 = 6.84 Hz. H-1). 7.51 (d, 1H, J= 8.51 Hz. NH). 

Examples 

Synthesis of 1 .0.hexadecvt-2-0-fnethvi-3-0-/2^arnino -2'-deQxv-5-D-Q*ucoDvranosv1>-snK3lvce 

1 -0-Hexadecyl-2-(>methyl-3-0-{2'-acetamido-2'-deoxy-(i-D-glucopyranosyf)-sn-gtycerol (24 

20 mg, 45.3 ^mol). prepared as described above, was dissolved in 2 ml of 2 N ethanoiic KOH. The 
mixture refluxed for 4 h, cooled, and then neutralized with saturated aqueous ammonium chloride 
solution: the product was extracted with chloroform. The chloroform layer was dried over MgS04 
and concentrated under reduced pressure; the residue was purified by flash chromatography (elution 
with 20% methanol in chlorofomi). giving 18 mg (82%) of 1 .0-hexadecyl-2-0-methyi-3-0-(2'-amino- 

25 2-deoxy-P-D-glucopyranosyt)-sn-giycerol as a white solid. 0.28 (CHCia-CHaOH 4:1 ); [ah^ -1 4,40 
deg. (c 7.5. CHCIa/CHjOH 1 :1 (vyV)); 'H NMR (200 MHz. CDCIg and a few drops of CD3OD) 5 0.85 (t, 
3H, J ^ 6.34 Hz, CH3). 123 (br 26H. (CH2),3CH3). 1.53 (2H. OCH2CH2). 3.40-3.91 (m. 20H, with a 
singlet at d 3.45. CH20CH2C,5H3i. CH3OCH. OCHj. and -CHO-s of sugar moiety) 4.82 (br s, 2H, 
NHj). HRMS (FAB. MH^. Calculated for CaeHs-NO;: 492.3900. Found 492.3899. 

30 

ExampieS 

Synthesis of l-ahexadecvl-3-0-(p-methoxvDhenvn-sn-Qtv cerol i\) and 2-Ohexadecvt-3-0(P- 

f7>ethoxvDhenvl>-sn-Qlvcerol (II) 

A mixture of 3-0(p-methoxyphenyl)-sn-glycerol (0.737 g, 3.7 mmol) and di-rvbutyltin 
35 oxide (I.II g. 4.46 mmol) in dry methanol (10 ml) was refluxed. with stimng. until the oxide was 
disso»ved. The solvent was evaporated, and the solid was dned under vacuum for 3 hours; the 
dried solid was then dissolved in DMF (30 ml) and cesium flouride (1.5 g) and 1 -bromohexane 
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. (1.57 ml. 5.13 mmol) were added. The resufling mixture was stirred at room temperature until 
TLC (4:1 hexane-ethyl acetate) indicated that the reaction was complete. Ethyl acetate (20 ml) 
and water (0.5 ml) were then added, and the mixture was stirred for 30 minutes. The resulting 
white solid was filtered, and the solvent evaporated to give a crude mixture of I and II. This 
5 mixture of monoalkylated products .was separated by column chnsmatography. 

(I): 1.42 g (90%). (afc 'H-NMR: 5 6.84-6.78 (m. 4H. Ph). 4.13 (m. 1H. H-2). 4.03-3.95 (m 
2H. H-3a. H-3b). 3.76 (s-. 3H. OCH3). 3.57 and 3.54 (dd. 2H. = 12 H2. J„.4.0 Hz. H-la H- 
1b). 3.46 (t, 2H. J » 4.0 Hz. OCH^). 2.56 (1H, OH), 1.6 (t. 2H. J = 6.0 Hz. CH^). 1.25 (s. 26H. 
CH,). 0.88 (t. 3H. ^=6.0 Hz. CH,). "C-NMR: 6 115.89, 114.99 (Ar). 72.02 (OCH,). 71.97 (C-1). 
70.16 {C-3). 69.53 (C-2). 56.02 (OCH3). 
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(II): (76%). 'H-NMR: 6 6.87-6.80 (m. 4H. Ph). 3.89 (d. 2H. J= 4.4Hz). 3.73-3.48 (m 5H 
H-la, H-lb. H.2. H-3a. H-3b). 3.63 (s. OCH,). 2.25 (1H. OH), 1.6 (t. 2H. J = 6.0 Hz. CH,). 1.25 (s' 
15 26H. CH,). 0.88 (t. 3H. J= 6.0 Hz. CH,). '^'C-NMR: 6 115.93. 114.99 (Ar). 78.69 (0-2). 62 75 (C- 
1). 56.03 (OCH3). 
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Example 7 

Synthesis of 1-0-hexartecvl-2-O.mBthY l.3-O.fn.mAthnxvDhenvl\..:n./,>Y ^mi 

Gerwral procedure for alcohol methylation: sodium hydride (2.5 mmol). in dry DMF, was 
added portionw^e at zero deg. C. to stirred alcohol solutions (1 mmol). The resulting mixture was 
stirred for 30 minutes, and methyl iodide was then added (2.5 mmol). The reaction was stirred at 
room temperature; once complete, methanol was added at zero deg. C. to quench excess sod.um 
hydride. Solvent was then evaporated under vacuum, and the residue was dissolved in ethyl 
25 acetate. The organs solution was washed with water and brine, dried (Na^SO.), filtered and 
evaporated. 

1-O.Hexadecyl-3-0-(p.methoxyphenyl)-sn-glycerol (1.2 g. 2.84 mmol) was mettiylated to 
give 1 •O.hexadecy|.2.0.methyl-3.0.(;vmethoxyphenyl).sn^lycerol as a whrte solid (1 .2 g) in 97% 
after column purification, (ak - 6.9 deg.; "C-NMR: 5 115.90. 114.99 (Ar). 78.8 (0-2). 72.02. 
71.98. 70.20 (C-1. C-3. OCH,). 57.88. 56.02 (OCH3). 
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Examples 

Synthesis of 2-P-aeeM.3.4,6-tri.0.hen2vl^ fl-n.n....» pvranQsvl fn^ h.n».,^^i^i>.^>. 

To a solution of 1.2-di.0.acety|.3.4.6.tri.0.benzyl-3.D-glucopyranose (1 g. 1.87 mmol) in 
dry DMF (10 ml) 0.213 g (2.32 mmol) of hydrazine acetate was added. This mixture was stired 
under nitrogen for 4 hours. After this time, TLC (4:1 hexane-ethyl acetate) showed that the 
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reaction was complete. The mixture was then diluted with ethyl acetate, and washed with water 
and bhne. The organic layer was dried (sodium sulfate), filtered and then evaporated to give the 
crude hemiacetal quantitatively; the crude hemiacetal, pure enough to continue with, was then 
dried under vacuum for 4 hours and dissolved in dry dichloron>ethane (30 ml). 
5 Trichloroacetonrtrile (0.231 ml) and anhydrous potassium carbonate (1.22 g) were added, and the 
resulting mixture was stirred for 3 hours under nitrogen. TLC (4:1 hexanerethyl acetate) showed 
traces of the crude hemiacetal. and the faster-oinning 2-0-acetyl-3.4.6-tri-0-ben2yi-a.3-D- 
giucopyranosyl trichloroacetimidate. The reaction was quenched by filtration of the inorganic base 
through a pad of Celite 545, and the solvent was evaporated. Cmde 2-Oacetyl-3.4,6-tri-0 

10 benzyt-a. (J-D-glucopyranosyl tnchloroacetimldate was then purified through a short column using 
8:1 hexane:ethyl acetate to give the glucosyl donor 2-0-acetyt-3,4.6-tri-0-benzyl-a.3-D- 
glucopyranosyi trichloroacetimidate in 85% yield. 'H-NMR: 5 8.63 (s, 0,46H. NH). 8.56 (s, 0.56H. 
NH). 7.32-7.15 (m, 15H, 3Ph), 6.52 (d, 0.53H, J,2 = 3.5 Hz. H-la). 5.74 (d, 0.46H. J,^ = 8.0 Hz. H- 
Ib), 5.29 (dd, 0.46H. Jj.a = 9.4 Hz, H-2b isomer), 5.09 (dd 0.53H. J22 = 10.0 Hz. H-2a isomer), 1.99 

15 (s. CHaCO). 

Example 9 

Synthesis of 2-0-acetvl-3.4.6'tri-Ot?enzvl-a. Q-D-mannoovranosvl trichloroacetimidate 

The benzytated 1 .2-orthoester (3.0 g), prepared as described above, was hydrotyzed in 

20 HOAc 80% (50 ml) at room temperature for 6 hours. After this time. TLC (2:1 hexane:ethyl 
acetate) showed complete conversion of the ester into a slower moving material. Acetic acid was 
coevaporated with toluene, under vacuum, to give the pure hemiacetal quantitatively (3.0 g); the 
crude hemiacetal was then dried overnight, under vacuum, following which it was treated with 
acetonitrile-potassium carbonate to give 2-0"acetyt-3,4,6-tri-Obenzyl-a.(i-D-mannopyranosyt 

25 tnchloroacetimldate in 96% (3.8 g). 'H-NMR: 6 8.71 (s. NH), 8.63 (s, NH), 7.35-6.78 (m. 15H. 3Ph). 
6.29 (d, H-lb). 5.89 (d. H-la). 5.49 (dd, H-2). 4.89-4.47 (m), 4.06-3.68 (m). 2.18 (s, 3H. CH3). 

Example 10 

GIvcosvlation of 1-0-hexadecvl-2-Omethvl-sn-Qlvcerol with 2-Oacetvl-3.4.6-tri-0-benzvl-a.B-D- 
30 QlucoDvranosvl trichloroacetimidate and 2-0-acetvl-3.4.6-tri'0-benzvl-a.S-D-mannoDvranosvl 
trichloroacetimidate 

A mixture of the glucosyl donor (1.4 micromolar) and 1 -O-hexadecyl-2-O-methyl-sr)- 
glycerol (1 .3 micromolar). prepared as described above, in 30 ml of anhydrous dichloromethane 
was stirred under dry nitrogen, with molecular selves 3A for 20 minutes at room temperature. The 
35 mixture was cooled at -78 deg. C. and trimethyisilyl trifluoromethanesuifonate (50 micromoles. 
0.035 eq.) was added. In every case, the reaction was complete in 10 minutes. The Lewis acid 
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was neutralized at room temperature with tnethytamine (20 microliters), the solvent was 
evaporated, and the crude 1.2-frans-glycopyranosides were purified by column chromatography. 

Example 11 

5 Synthesis of 1-Q-he)tadecvl.2.0.methvl.3. 0.f2'-0-acetvl.3'.4'.6'-tri-0-benzvl.fl.D.glueoDvfanQsvn. 
sn-alvcerol 

l-O-Hexadecyl-2-O-methyl.sn-glycerol (433.3 mg. 1.3 mmol) prepared as described 
above, was glucosylated with 2-0-acetyl-3.4.6-tri-£>benzy|.o. |J-D-glucopyranosyl 
trichloroacetimidate (930 mg, 1.4 mmol) to give l-0-Hexadecyl-2-Omethyl-3-0-(2'-0-acetyl- 
10 3',4',6'-tri-0.benzyl-(J-D-glucopyranosyl)-sn^lycerol in 76% yield (805 mg); (ajo -8.5 deg. 'H- 
NMR: 5 7.32-7.15 (m, 15H. SPhCHj) 4.99 (dd. 1H. ^,..2.- = 2.5 Hz. Jy,^- - 1.0 Hz. H-V). 3.93 (m, 1H, 
H-5*). 3.44 (s. 3H. OCHa). 2.15 (ddd. 1H. J,,, y = 4.7 Hz. J!,... 2,. = 11.5 Hz. H-2e'). 1.7 (ddd. 1H. H- 
2a'. 1.25 (s. 26H. CHj). 0.87 (t. 3H, CH3). '^C-NMR: 6 98.05 (C-V). 79.33. (C-S'). 62.07 (C-6-). 57.94 
(OCH3). 37.36 (C-2-), 31 .90. 29.64. 29.48. 29.31. 26.06. 22.67 (CH,). 14.06 (CHj). 

15 

Example 12 

^y"^^^S'S si 1-0-hexadeevl .2-0-methvl-3-0-f2--Oae6tvl.3-.4-.6'-tri.OLhfin7Yl.r.-p - 

mannoDvranosvh -sn-qlvcBrol 

l-O-Hexadecyl-2-O-methyl-sn-glycerol (871 mg, 2.6 micromolar) was glucosylated with 2- 
10 0-acetyl-3'.4'.6"-tri-0-benzyl-a,p-D-mannopyranosyl trichloroacetimidate (1.90 g, 2.9 mmol), 
prepared as described above, to give 1-0-hexadecyl-2-0-methyl-3-0{2-0-acetyi-3",4',6--tri.O- 
benzyl-a-D-mannopyranosyl)-sn-glycerol in 87% yield (1.83 g). (a)o +37.5 deg. 'H-NMR: 5 7.33- 
7.12 (m. 15H, 3PhCHj). 5.37 (dd. 1H, J^.. j = 2.7 Hz. H-V). 4.85 and 4.49 (2d. 2H, J.= 12 Hz, 
CHjPh). 2.14 (s. 3H. CHaCO), 1.54 (t. 2H. J = 6 Hz). 1.25 (s. 26H), 0.87 (t, 3H). ''C-NMR: 5 170.39 
5 (CO). 138.50. 132.29. 128.28. 127.55 (Ph), 98.17 (C-V). 58.07 (CH3O), 31.90. 29.51, 26.10. 21.07 
(CHj). 14.07 (CH3). 



Example 13 

D9aggtY<^ti9n gf 1.0.hfl»adeevl.2.0-methvl.3. 0.r2'-0.aeelvl.3-.4-.6'.tri.Q.b«»n7vUfl.n. 

qlWgPYranpsvD-sn-glvcerol and 1 -0-heifariy^t.2.O.niflthvl.3 .0.f2'.O.acfttvl.3'.4'.6'.tri.O.h..n7x/l. 
a-D-mannoovranQsvh.sn.oivfti»rni 

1-O.Hexadecyl-2-0-methy|.3.0-(2'-0-acetyl-3',4*.6-tri.0.benzyl-|}.D-glucopyranosyl).sn- 
glycerol and l-Ohexadecyl-2.0-methy|.3.0.(2-.0-acetyl-3'.4',6'-tri-0-benzy|.a-D- 

mannopyranosyl).sn-glycerol. prepared as described above, were deacetylated at room 
temperature with dry ammonia gas dissolved in dry methanol in 15 minutes. This reaction was 
quantitative and gave very pure products. Methanol was evaporated, and the resulting alcohols 
were dried under vacuum. 
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Example 14 

Synthesis of 1 'C>-hexadecvi'2-0'methvl-3'0-f3\4\6'4h-0-benzvi-2-C%methvl-S-D'QlucoDvranosvt)- 
5n«Qlvcefol 

1-0-Hexadecyl-2-0-methyl-3-0-(3\4\6'-tn-0-ben2yi-P-D-glucopyranosyl-sn-^^^^ (149 
mg), prepared as described above, was 2-0-methylated as described above, in 97% yield (145 
mg). (ajo -9.7 deg. (c1.2. chloroform) "C-NMR: 5 138.89, 138.34. 128.34, 127.93. 127.71. 127.55 
(Ph). 103.88 (C-V), 60.45, 57.88 (CHp), 31.95. 29.69, 29,52. 29.35. 26.16. 22.68 (CHj). 14.06 
(CHa). 

Example 15 

Synthesis of 1-0-hexadecvl-2-Q-methvl-3-0-f3'.4'.6''tri-Obenzvl-2'0-methvt-a»D- 

mannoDvranosvU-sn-Qlvcerol 

1-0-Hexadecyl-2-0-niethyl-3-0-(3\4\6'-tri-0-ben2yl-a-D-mannopyranosyl-sn-giycerol 
(39.6 mg), prepared as descnbed above, was 2-O-methylated as described above, in 98% yield 
(39 mg). (ajo +38.3 deg. ''C-NMR: 6 138.89. 138.34. 128,34. 127.93. 127.71. 127.55 (Ph), 98.5 
(C-V), 59.99. 57.80 (CH3O). 31.95, 29.69, 29.52, 29.35. 26.16. 22.68 (CH2), 14.06 {CH3). 

Example 16 

Xanthates 
Synthesis: 

Sodium hydride (15 mg. 0.62 micromolar) was added to an ice-cold solution of alcohol 
(150 mg, 0.32 micromolar) and imidazole (4 mg. 0.55 micromolar) in dry THF (5 ml). The mixture 
was stirred for 1 hour at room temperature under dry nitrogen, and carbon disulfide (0,32 
micromolar) was then added. Stirring was continued for 20 minutes, and methyl iodide (2.5 
micromolar) was then added. The reaction was monitored by TLC (3:1 hexane:ethyl acetate) and 
It showed in every case complete conversion of the respective alcohols into xanthated 
compounds. Methanol was added at 0 deg. C. to quench the excess sodium hydnde; solvent was 
evaporated, and the residue was dissolved in ether. The organic solution was washed with water, 
dilute hydrochloric acid and then water the organic layer was then dried (sodium sulfate) and 
evaporated. 



A solution of the resulting xanthated compound (100 mg. 0.117 micromolar) in 4 ml of dry 
toluene was added dropwise to a refluxing solution of tributyl tin hydride (0.31 ml. 1.17 
micromolar) in 2 ml dry toluene containing a,a*-a20bisisobutyronitrile (AIBN. 5 mgj. The reaction 
was monitored by TLC (4:1 hexane:ethyl acetate), and when it was complete, the solvent was 
evaporated, and the residue was purified by column chromatography; the column was first eluted 



Reduction 
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wrth hexane and then with 20:1 hexanerethyl acetate. 15:1 hexane:ethyl acetate, and 10-1 
hexane:ethyl acetate to collect pure deoxygenated i-0.hexadecyl-2-0.methyl-3.0.(3-.4-.6--th.O. 
benzyl-2'^eoxy.p.D.arab.nopyransoyl).sn^lycerol or l-0.hexadecyl-2-0-rT«thyl-3-0.(3-.4',6'.tri- 
0-b€n2yl-2'-deoxy-a-D-arabinopyransoyl)-sn-giycerol. 

5 

l-aHexaoecy|.2.0.rnethy|.3-0.(3-.4',6--tri.abenzy|.2'-deoxy-3.D.a,Bbmopyransoyl).sn- 
glycerol: 80 mg (92%). (ak -7.1 deg. 'H-NMR: 5 7.32-7.18 (r.. 15H. 3PhCH,). 4.89 (d 1H J- 
11.0 HZ. OCH,Ph). 4.68 (d. .11.0 Hz. OCH,Ph). 4.63 (d. 2H. J 11.0 Hz. OCH.Ph). 4.54 (d. 2H J 
= 11.0 Hz. OCH,Ph,. 4.46 (dd. 1H. .„,, . 2.0 Hz. = 9.5 Hz. H-V). 3.97 (m, 1H. H-5-). 3 73- 
10 3.26 (m. 9H,. 3.44 (s, OCH3). 2.36 (ddd. 1H. , = 5.0 Hz. , 12.0 Hz. H-^e). 1 73-1 43 

(m. 5H). 1.25 (s. 26H. CH,). 0.87 (t. 3H. CH3). "C-NMR: 6 138.46. 128.41. 128 32 127 97 
127.68. 127.51 (Ph). 100.2 (C-1). 57.93 (OCH3). 36.68 (0-2'). 31.94. 29.68. 29.52 29 35 26'l4' 
22.67. 14.06 (CHj). ' ja. 



15 



20 



25 



30 



35 



1-O.Hexadecyl-2.(>methy|.3-0.(3-.4-.6'-tri.C>ben2y,.2--deoxy-a-D-arabmopyrar,soyl)-sn- 
glycerol82mg(94%). fajo .25.5 deg. 'H-NMR: 8 7.32-7.15 (m, 15H. 3PhCH,). 4.97 (dd 1H H- 
1 •), 4.89 and 4.52 (d. 2H. . = 1 1 .0 Hz. OCH,Ph). 4.66 and 4.50 (d. 2H. .12.0 Hz. OCH,Ph) 4 68 

't' 3H. CH3). 

C-NMR: 8 138.70. 138.59. 138.16. 128.28. 127.58. 97.82 (C-V). 58.02 (OCH,). 35.45 (C-2-) 
31.90. 29.64. 29.48. 29.31. 26.08. 22.64, 14.06 (CHj). 

Example 17 

Debenzvlatiyn 

Protected glycosides, see above, were dissoN^ed ir, 1:1 THF-HOAc. and 1-2 equ^atems (in 
we,ght) Of palladium on charcoal were added. This m«,ure was degassed under vacuum then 
hydrogen was let into the reactor. This process was done three times; the mixture was then stirred 
at room temperature, under a balloon pressure of hydrogen. The reaction was usual^ complete .n 
4.5 hours (TLC 10:1:0.2 ethyl acetate:methano.-water).. The catalyst was filtered through a pad of 
Celrte 545. and washed wrth a large volume of solvent (1:1 THF-HOAc). The solvents were 
evaporated under vacuum, and trace HOAc was co^vaporated by distilling wrth toluene. 

Deprotected glycosides were purified by column chromatography using a mixture of distilled 
soh^snts (10:1 eth^ acetate-methanol).. The purified g^osides were then filtered in distilted 
methanol through lipophilic Sephadex LH-20 to remove low molecular weight .mpurrties. such as 
salts. 
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1-0-Mexaaecy1-2-0-methy(-3-0-(2*-<leoxy-P-D-arabinopyransoyl)-sn-fllycerol: 



1-0 



5 
10 

\ 

15 

20 
25 
30 



hexad€cyl-2-0"methyt-3-0'(3.4,6-lh-0-benzyi-2'-deoxy-3-D-arabinopyranosyl)-^ (30 mg) 

was debenzylated to give this compound in 96% (14 mg). {a]o -147 deg. ^^C-NMR: 6 100.3 (C-V), 
78.7 {C-5'), 62.05 (C-6), 58.0 (OCH3) 38.5 (C-2'), 31.95. 29,69, 29.35, 26.11, 22.62 (CHj), 14.09 
(CHs). 1 -0-Hexadecyl-2-0-methyi-3-0-(2'-deoxy-a-D-arabinopyransoy1)-s/>glycero^ 1 -Ohexadecy*- 
2-0-methy(-3-CV(3\4\6'4ri-0-ben2yi-2'-deoxy-a-D-arabinopyranosyi)-sn-g^ (35 mg) gives the 
debenzytated compound (21 mg) in 94%. [a]o +45.0 deg. 'H-NMR: 5 4.9 (dd, 1H. Jv,u- = 2.5 Hz, Jy, 
2e - 1.0 Hz, H-V), 3.93 (m. 1H, H-5'), 3.44 (s. 3H, OCHa), 2.15 (ddd, 1H. Jiz,.3- = 4.7 Hz. Ji,;u = 115 
Hz, H-2e*), 1.7 (ddd, 1H, H.2a'. 1.25 (s, 26H, CH2), 0.87 (t. 3H. CH3). '^C-NMR: 5 98.05 (C-V), 
79.33, (C-5*), 62.07 (C-6*). 57.94 (OCH3), 37.36 (C-2'). 31.90, 29.64. 29.48, 29.31. 26.06, 22.67 
{CH2). 14.06 (CH3). 1-0"Hexadecyt-2-0-methyl-3-0-{2*-0'methyi-P-D-giucopyransoyi)-sn^tycerol: 
142.1 mg of 1-0-hexadecyt-2-0-methyi-3-0-(3\4\6*-tri-0-benzy1-2'-0-methy1-p-D-glucopyranso 
sn-glycerot was debenzylated in 96% (89 mg) to give the debenzylated fomrt in as a white, 
amorphous solid. {a]o -14.7 deg. '^C-NMR: 5 103.64 (C-V). 62.36 (C-6*), 60.61. 57.89 (OCH3), 
31.90. 29.64. 29.48. 29.31. 26.06. 22.67 (CH2), 14.06 (CH3). 1 -0-Hexadecyl-2-amethyt.3-O(Z-0- 
methyt-a-D-mannopyransoyl)-sn-gtyceroi: 1-0-hexadecyl-2-0"methyJ-3-0"{3\4\6'-tri-Obenzyl-2*-0- 
methyt-a-D-mannopyransoy*)-sn-giycerol (39 mg) was debenzylated to afford a while amorphous 
solid (25 mg, 94%). [afc +40.0 deg. '^C-NMR: 5 98.89 (C-V), 79.5 (C-5*), 62.13 (C-6'). 60.1. 58.10 
(OCH3), 31.90, 29.64, 29.48, 29.31 , 26.06, 22.67 (CHj), 14,06 (CHj). 1-aHexadecyl-2-0-methy»-3- 
0(a-D-mannopyransoyl)-sn-gtycerol: 1-0-hexadecyl-2-0-methyl-3-0(3',4'.6Mri-Obenzyi-a-D- 
manopyranosyi)-sn-glycerol (40 mg) was debenzylated to give a white amorphous solid in 95% (25 
mg). %). [ajo +572 deg. 'H-NMR: 6 4.93 (d. 1H, Jy_ 2= 1.8 Hz, H-1), 4.10 (m. 1H. H-S), 1.25 (s, 
26H. CH2). 0.87 (t 3H. CH3). 

Example 18 

AntiDroiiferative Effects 

The effect of 1-0"hexadecyi-2-0-methy*-3-0-(2'-acetamido-2'-deoxy-(J-D-glucopyranosyi)- 
s/7-gtycerol on the proliferation of MCF-7 breast carcinoma, A549 lung carcinoma. T84 breast 
carcinoma and A427 colon carcinoma ceil lines after 72 h is displayed below (see Table 1). 
Concentratiorts that inhibited cell growth by 50% (GI50) in companson to control (untreated) cultures 
were 9, 17, 24.5 and > 30 micromolar for A549, MCF-7, A427 and T84 cell lines, respectively. 
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TABLE 1 



LiDtd 

Concentration 

(HM) 



0 
5 
10 
15 
20 
30 




T84 

100 
96 ±10 
79112 
77±13 
79 ±16 
61 ± 13 



A549 

100 
91 ±9 
45 ±3 
15±2 

0 

0 



100 
93± 12 
92 ±6 
86 ±10 
71 ±8 
24 ±4 



10 



Table 2 (see below) shows the effect of 1 •O.hexadecyl.2-0-methy|.3-a(2 -amino.2 -deoxy- 
0-D-glucopyTanosy))-sn-glycerol on the proliferation of the ceil lines growing in 10% FBS- 
supplemented medium. The GIm values were 6.5. 7. 8.3 and 12^ micfDmolar for I^CF.7. A427. 
A549 and T84 cells, respeaively. Concentrations of 1-0-hexadecirt-2-0.methyl-3-0-(2'-amino-2'- 
deoxy-|J-D-glucopyranosyl).sn^lycerol cytotoxic to the cells were determined to be 10.5 micromolar 
for both A549 and A427 cells. 1 6 micromolar for MCF-7 and 20 micromolar for T84 celts. 



Upid 

Concentration 

(HM) 

0 
5 

6.5 
7.5 
8.0 
10.0 
12.5 
15.0 
20.0 



MCF.7 



100 
60.60 ±7.14 
44.05 ±11.70 

31.46 ±5.56 
14.42 ±8.39 
3.90 ± 5.75 

0 

0 



TABLE 2 
A549 



100 
82.28 ± 4.66 
67.39 ±6.18 

45.17± 12.06 
0 
0 
0 
0 



A427 



100 
68.98 ± 9.25 
49.74 ±5.'16 

4.29 ±5.16 
0 
0 
0 
0 



100 
89.71 ± 1'2.72 

75.16+10.79 

64.89 ± 11.56 
39.59 ±9.50 
15.06 ±7.23 
0 



15 



20 



The effect of 1-0-hexadecy(-2-0-methyl-3-a(2'-amino-2'-deoxy-p.D-glucopyranosyt).sn- 
glycerol (A) and of of 1-0.hexadecyl-2-0.methy|.3.0.{2'-acetamido-2*-deoxy.p-D-glucopyranosyl). 
sn-glycerol (B) on the growth of the ovarian cancer cell line OVCAR-3 was compared with that of 
edelfosine (ET.180-CHj; C). mittefosine (hexadecytphosphocholine. D). and emcylphosphocholine 
(E) (see Table 3. below). The GIso value for the glycolipids were 12 micromolar for A and 4 
micronrwlar for B, while for the phospholipids. Gljo's were 24 micromolar for C and > 30 micromolar 
for 0 and E. 
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TABLE 3 

Lipid 

Concentra- 
tion itM) A B C D E 

0 100 100 100 100 100 

5 42.9 ±13.4 68.8 ±5.8 105.8 ±8.5 93.8 ±16.5 104.0 ±12.2 

10 7.7±2.3 52.9±3.9 77.5±1.0 90.3±11.3 102.3±16.1 

15 0 34.6 ± 7.3 70.7 ±9.9 67.4 ±14.5 98.6 ± 7.8 

20 26.0±10.9 68.7± 13.6 62.3±10.7 90.2 ±6.6 

30 4.7 ±4.8 20.4 ±8.1 67.2 ±12.5 60 ±10.7 



5 The GI50 values for edelfosine (1), 2'-deoxy-3-D-arabinopyranosyi (2). 2'-deoxy-a-D- 



arabinopyranosyl (3). 2-O-methyl-P-D-glucopyranosyl (4). 2'-0-m©thyl-3-D-mannopyranosyl (5) 
and a-D-mannopyransoyI (6) on A-549. MCF-7, Lewis Lung, MCF-7/Adr (adriamycin-resistant), 
P388, P-38a/Adr, LI 210 and L1210/vmdr celis were determined and are set forth below (see 
Table 4) as the concentration (micromolar) of lipid required to inhibit the growth of fifty percent of 
1 0 the cells in culture. 



TABLE 4 



Cell Line 


1 


2 


3 


4 


s 


s 


A549 


5.05±0.80* 


9.90±0.99 


19.65±6.07 


18.30±0.14 


15.55±0.07 


18.10±0.14 


MCF7 


9.66±2.50* 


6.93±0.12 


24.45±0.64 


23.05±0.64 


18.20±0.00 


21.70±0.57 


MCF7/adr 


30.35±5.07* 


12.85±0,85 


24.40±0.42 


21.75±0.63 


18.55±0.07 


23.30±0.71 


HT29 


2^0±0.27** 


7.59±0.23 


29.60±0.28 




20.00±0.28 


23.20±0.85 


Lewis Lung 


30.24±6.32* 


11.05±0.49 




26.00±0.71 






P388 


4.33±1.3r* 


12.65±0.78 




18.10±1.13 






P388/adr 


6.39±2.43*' 


10.25±0.34 




29.30±5.66 






L1210 


3.32±1.68'= 


7.02±0.49 


18.75±0.49 




15.45±0.35 


16.20±0.99 


L1210/ 


10.99±6.36*' 


7.09±0.33 


26.95±1.06 




16.50±1.13 


18.90±0.00 


vmdr 















1 5 GIso vaUues are given as the mean ± standard deviation; the GI50 value from each experiment 
"n" was generated from three individual wells on two separate plates (six total wells); n=1 for 
compounds 3-6; ns2 for most cell lines treated with compound 2 *n^; ^n=2; *^n=6;'*n=8. 
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What is claimed is: 

1 . An etheriipid having the formula: 

5 CH2-O-R' 

I 

CH-R^-CH3 

I 



10 



20 



wherein: 



is a group having the fonnula -YW^; 



'S a group having the formula 

(CH2)ni(CH=CH)n2(CH2)n3(CH=CH)n4(CH2)n5(CH=CH)n6{CH2)n7 
(CH=CH)n9(CH2)n9 the sum of n1 +2n2 +n3 +2n4 +n5 +2n6 + n7 +2ne +n9 is an 
integer of from 3 to 23. n1 is equal to zero or an integer of from 1 to 23. n3 is equal to 
zero or an integer of from 1 to 20. n5 is equal to zero or an integer of from 1 to 17, n7 
is equal to zero or an integer of from zero to 14. n9 is equal to zero or an integer of 
from 1 to 1 1 . and each of n2. n4. n6 and 8 is independently zero or 1 ; 



Y^ is CH3. CO2H or OH; 



25 is O. S, NH. -0C(0)- or NHCO; 

R^ is a group havinig the formula 

30 
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xMsOorS; 

each of and is OH. NHj. NHCH3, N(CH3)2. OCH3. NHCOCH3. F or CI, 
provided that when X^ is H, X^ is H, NH2. NHCH3, NfCHjjj, OCHj. NHCOCH3, F or CI; 

5 

X^ is H, OH, OPOa^ or OSOg^' and X* is H. OH. NHj. NHCH3 or N(CH3)2; 
each of X^ and X' is H. OH. OPOj^ or OSOj^'; 
10 X® is OH or a group having the formula CO2X'; AND 

X* is H. CHs or a group having the formula Y'Y^. 

2. The etheriipid of claim 1 , wherein is a group having the formula Y^CHj. 

15 

3. The etheriipid of claim 2. wherein is a group having the formula (CH2)„,CH3. 

4. The etheriipid of claim 3. wherein R^ is (CH2)i5CH3 or (CH2)i7GH3. 
20 5. The etheriipid of claim 1 , wherein R^ is O. 

6. The etheriipid of claim 1 , wherein R^ is the alpha anomenc fomi. 

7. The etheriipid of claim 1 , wherein R^ is the beta anomeric form. 

25 

8. The etheriipid of claim l , wherein X' is O. 

9. The etheriipid of claim 1 . wherein X* is OH. X^ is H. X^ is H. X"" is OH and X* is OH. 
30 10, The etheriipid of claim 9. wherein X^ is H and X^ is NHj. H or OCHj. 

11. The etheriipid of claim 9. wherein X^ is H and X^ is OH, H or OCH3. 

12. The etheriipid of claim 1 . wherein R^ is (CH2),5CH3. R^ is O and X^ is 0. 

13. The etheriipid of claim 12. wherein X* is OH, X^ is H, X* is H. X' is OH and X* is OH. 
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14. . The etherlipid of claim 1 3, wherein is H and is NHj. 

1 5. The etherlipid of claim 1 3. wherein X^ is H and X^ is H. 

5 1 6. The etherlipid of claim 1 3. wherein X^ is H and X^ is OCH3. 

17. The etherlipid of claim 1 3, wherein X^ is OCH3 and X^ is H. 

1 8. The etherlipid of claim 1 3. wherein X^ is OH and X^ is H. 

10 

19. The etherlipid of claim 12, wherein X^ is OH. X* is H, X* is H. X^ is OH and X* is a 
group having the fomiula -CO^X®, 

20. The etherlipid of claim 12. wherein X^ is H, X^ is OH. X* is OH. X^ is H. X* is OH, X' is 
15 H and X® is OH. 

21 A composition comprising the etherlipid of claim 1 . 

22. The composition of claim 21 comprising a pharmaceutically acceptable medium. 

20 

23. The composition of claim 21, wherein the phanroceutically acceptable medium 
comprises a lipid carrier and wherein the etherlipid is associated with the earner. 

24. The composition of claim 23, wherein the lipid camer is a fatty acid, phospholipid. 
25 micelle, lipid complex, liposome or lipoprotein. 

25. A method of administering an etheriipid to an animal which comprises administering 
the composition of claim 21 to the animal. 

30 26. The method of claim 25, wherein the animal is afflicted with a cancer and wherein an 
anticancer effective amount of the etheriipid is administered. 

27. The method of claim 26, wherein the composition comprises a liposome. 

35 28. The method of claim 27, wherein the liposome is a unilamellar liposome having a 
dianneter of from about 1 00 nm to about 200 nm. 

-25. 
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29. The method of claim 25 wherein the animal is afflicted with a disorder characterized by 
inflammation or microbial infection and wherein an anti-disorder effective amount of 
the etheriipid is administered to the animal. 

5 30. The method of claim 25 compnsing administering an additional bioactive agent to the 
animal. 



-26- 



3NSDOCID'<WO o7ii7n7Ai> 




BNSDOCIO- <W0 971 1 707A1 > 



SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



IntemAUoful Appiication No. 
PCT/US96/15561 



A. CLASSinCATION OF SUBJECT MATTER 

lPCf6) Please Sec Extra Sheet. 

US CL 514/24. 25. 459. 460. 536/4 j. 17 2: 549/417. 419. '420. 423 
According lo Iniera aiional Patent Classificauon (IPC) or lo both national classification and IPC ' 

B. FIELDS SEARCHED 

Minimum documcnution searched (classification system foUowcd by classification symbols) 
US.. 514/24. 25.459.460:536/4.1. 17.2; 549/417. 419, 420, 423 

Documentation searched other than minimum documentation to the extent that such documenu arc mcluded in ihc fields searched 



Eiecironic data base consulted dunng ihe inicmationai search (name of dau base and. where practicable, search terms used) 
CAS ONLINE, APS (GLYCEROGLYCOLIPID?, 7CANCER?) 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Ciiaiion o( documem. with indication, where appropriate, of the relevant pas&agea 


Relevant to claim No. 


X 


BAUER et al. Zur Stereoselektiven synthese von 1-0-alkvl-3- 
0-ben2Yl-sn-glycerolen und 1-0-alkyl-2-0-methyl-3-0-/9-D- 
glycosyl-sn-glycerolen. Liebigs Ann. Chem. 1991. Vol. 8, 
pages 765-768. See Chemical Abstract 115:136535 and 
Registry Nunnber 1 33777-5 1-2P. 


1-8. 12, 19, 21, 
22 


A 


US, A, 5,385,685 (HUMPHREYS ET AL.) 31 January 1995 
(31/01/95), see entire document, especially column 2, lines 
44-63. 


1-21 


A 


US,A, 5,409,902 (CARSON ET AL.) 25 April 1995 
(25/04/95), see entire document, especially columns 3 and 
4 . 


1-22 



I I Further documents arc listed in the continuaiion of Box C. Q See patent family annex. 



* Special caie|one3 oT cited documcntt 

" A* Jncufnenideftnint ihe gencf»l lUie of ihe iit which u m« conaidered 

tn be ni particular reievw>i:e 

* t .* writer documeni published on or %hcr ihe intemauotul filing date 

'I .* Jocumcni which may throw doubu on pnonty claontt) or which ta 

.lied to exubliih the publicaiion date of anoiher citabon of other 
^pCLiai rea»on ita ipecifted) 

'O* document refemnf lo an orml diactoaun. toe. e«hibiiioa or other 

' I " J^xuineni publtihed pnor lo the tntemau- ..al Hltng date but later than 
the pnonry date claimed 



later documatt publiahed after the mlem«t«onaJ fiting date or pnomy 
dale and noc in cunflia with Ihe appbcsuoo but cited lo underwand the 
pniwiple or theory underlyuts the tnvcnuon 

document of parucutar relevance: the claimed inventjon canno* be 
cooaKtered novel or usaimN be cooaidcred to involve an mvenuve itcp 
when the dononem ta takea akme 

doctaneni of pafUcula/ rclev«occ; the claimal mvcauoo oaniwM be 
conaalered to involve an iDvcstive Aep when the documeDi • 
coobanfld with one of more other ntcfa do 
bem% obvtoua id a persoa akilled ia the aft 

document member of the tame paiem family 



Duic ihc actual cnmptetton of the inicmationai search 
19 .NOVEMBER 1996 



Dale of mailing of the intemationai search report 

2 6 DEC 1996 



Name and mailing address of ihc ISA/US 
C*>niiin>Muncr of Psienis and Trademarks 
B.'* PCT 

Wajihintfinn. D-C 20231 
F;Ksnnilc No .703) 30S-3230 



L STOCKTON A 



Authorized of 

LAURA 1 
Telephone No. (703) 308*1235 



F.»rrn PCX/ISA/: 10 (second .shectMJuiy I99:)« 

BNSOOCID- <WO Q711707A1-.* 





INTERNATIONAL SEARCH REPORT 



Intenutional AppUcation No. 
PCT/US96/1556I 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC (6; 



A6IK 31/70. 31/35: GOTO 309/08. 309/10. 309/12, 309/14; C07H 15/02. 15/04. 15/08, 15/10 



Form PCT/ISA/210 (extra shc<i)(July 1992)* 



9NSD0CID- <W0 Q7n707A1> 





INTERNATIONAL SOEIARCH REPORT 



Intenutioiu] applicaiion No. 
PCT/US94/06105 



A. CLASSIFICATION OF SUBJECT MATTER: 
IPC (5): 



AOIN 25/26, 25/28. 43/04; A61K 31/70. 35/14. 49/00; C07K 3/00. 13/00, 15/00; C12N 15/00; C12P 21/02 -'1/06- 
COIN 31/00. 33/4S 

BOX n. OBSERVATIONS WHERE UNITY OF INVENTION WAS LACKING 
This ISA found multiple inventions &s follows: 

This application contains the following inventions or groups of inventions which are not so linked as to form a single 
inventive conccpc under PCT Rule 13.1. In order for aU inventions to be examined, the appropriate additional 
examination fees must be paid. 

Group I. cIaim(s)M3 and 17, drawn to methods for eliciting an immune response and generating active immunity 
against an infectious disease in an animal. 

Group n. cUim(s) 14-15. drawn to methods for production of polyclonal and monoclonal antibodies. 
Group in, claim(5) 16, drawn to a method for epitope mapping. 

The inventions listed as Groups 1-01 do not reUte to a single inventive conc^ under PCT Rule 13.1 because, under 
PCT Rule 13.2, they lack the same or corresponding special technical features for the following reasons: 

The three inventions are drawn to divergent methods. 

Invention I is distinct from invention U because U requires materiab and processes not required for the method of I, 
such as isolation of antibodies and production of hybridomas. 

Invention III is distinct from each of I and II because the method of ffl requires procedures not required for I and II. 
such as subcloning of DNA fragments and injection of multiple DNA fragments. 

Accordingly, the claims are not so linked by a special technical feature within the meaning of PCT Rule 13.2 so as to 
form a single inventive concept. 



Form PCT/ISA/210 (extra shcet)(July 1992)* 




TH8S PAGE Blkm 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the appHcant. 

Defects in the images include but are not limited to the items checked: 



BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SroES 

□ faded TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWmG 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: ■ ■ " "" 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




This Page Blank (uspfoj 



